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A preliminary analysis was made of the effect of 
consumabies on CSM lunar orbit lifetime f o r  a contingency in 
lunar orbit. Calculations based on data from Apollo 8 con- 
sumables analysis reports and the spacecraft data book 
indicate a contingency operating time of about one week at 
nominal lunar orbit usage rates. This time can be extended ' 

to approximately two weeks by adding LiOH cannisters and 
powering down to a minimum power three-fuel-cell configuration. 
A single-fuel-cell powered down configuration might extend 
the capability somewhat, but even at minimum power the 
system is limited by the cryogenic supply to about three 
weeks. 

(NASA-CB- 104044) CONSUHABLES A F F E C T I N G  NJ9-71606 
EXTENDED CSM L I F E T I M E  I N  L U N A R  O R B I T  
(Bellcola@, Inc,) 11 p 'Jnclas 

00 /12  1 1 4 9 4  



i 

BELLCOMM.  I N C .  
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 . 
SUBJECT: Consumables A f f e c t i n g  

Extended CSM L i f e t i m e  
i n  Lunar O r b i t  - Case 320  

MEMORANDUM FOR FILE 

PURPOSE 

FROM: A .  S .  Haron 
R .  D .  Raymond 

An a n a l y s i s  was made o f  t h e  e f f e c t  o f  consumables  
u s a g e  on CSM c o n t i n g e n c y  l u n a r - o r b i t  l i f e t i m e .  

SUMMARY 

P r e l i m i n a r y  c a l c u l a t i o n s  based on data from t h e  
Apo l lo  8 consumables  a n a l y s i s  and t h e  s p a c e c r a f t  data 
book are summarized i n  Table 1 and F i g u r e s  1 and 2 .  
The b a s i c  a s sumpt ion  made i s  t h a t  t h e  consumables  a v a i l a b l e  
for l u n a r  o r b i t  con t ingency  are  t h o s e  nomina l ly  r e m a i n i n g  
a t  T E I  i n  r e f e r e n c e  1. 

(1 ,2 )  

The a d d i t i o n a l  s u r v i v a l  t i m e  i n  l u n a r  o r b i t  w i l l  
be  a p p r o x i m a t e l y  one week i f  o p e r a t i o n s  are  c o n t i n u e d  a t  t h e  
n o m i n a l - l u n a r  orbit r a t e s .  The f i r s t  c o n s t r a i n t  i s  L i O H  
d e p l e t i o n ,  which o c c u r s  nominal ly  a b o u t  T E I  + 96 h o u r s .  The 
L i O H  can  be conse rved  up t o  a b o u t  1 4 8  h o u r s  by l e s s  f r e q u e n t  
changes .  

If t h e  L i O H  c o n s t r a i n t  i s  removed by a d d i n g  c a n i s t e r s  
and  t h e  CSM i s  powered down t o  t h e  minimum l e v e l  t o  m a i n t a i n  
t h r e e  f u e l  c e l l s  i n  o p e r a t i o n  ( ~ 1 2 0 0  w a t t s ) ,  t h e  l i f e t i m e  
c a n  be ex tended  t o  abou t  two weeks.  

I n  e i t h e r  o f  t h e  above two methods i t  i s  assumed 
t h a t  a t t i t u d e  c o n t r o l  i s  ma in ta ined  t o  o p t i m i z e  water r e q u i r e -  
ments  f o r  thermal  c o n t r o l .  A t  t h e  power l e v e l s  assumed, 
2200 watts and 1 2 0 0  watts,  t h i s  a p p e a r s  t o  be f e a s i b l e .  

An u l t i m a t e  l i m i t  w i t h  r e s p e c t  t o  c r y o g e n i c s  
and power i s  r e a c h e d  i n  a l i t t l e  o v e r  t h r e e  weeks a t  t h e  
minimum s i n g l e  f u e l  c e l l  r a t e  cf abou t  400  watts. T h i s  
method does  n o t  a p p e a r  as f e a s i b l e ,  because  c o n s i d e r a b l e  
LiOH a d d i t i o n s  are  r e q u i r e d ,  a t t i t u d e  o r i e n t a t i o n  i s  
r e q u i r e d ,  and t h e  n e c e s s a r y  s y s t e m s  may n o t  be a v a i l a b l e  
a t  t h i s  low power l e v e l .  

c 
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DISCUSSION 

1. Consumables r ema in ing  a t  T E I .  

a .  Based on r e f e r e n c e  1: 

H2 35.1 l b s  (58.4 l b s  l o a d e d )  

O2 433.6 l b s  (653 l b s  l o a d e d )  

Water 53 l b s  i n  b o t h  t a n k s  (based  on r a d i a t o r  a = , 3 5 6 )  
SM RCS 1068.3  l b s  (1362.4  l b s  l o a d e d )  

b. Based on r e f e r e n c e  2 :  

L i O H  8 c a n n i s t e r s  (216 r e q u i r e d  f o r  m i s s i o n )  

2 .  EPS and ECS Cryogenic  Consumption: 

a .  The nominal s o u r c e  power d u r i n g  l u n a r  o r b i t  i s  
approx ima te ly  2200  watts (%77 amps from t h e  f u e l  
c e l l s ) .  

b. The minimum power f o r  a d r i f t i n g  f l i g h t  c o n f i g u r a -  
t i o n  i s  abou t  1 5 0 0  watts. T h i s  might  b2 lowered 
t o  t h e  minimum r e q u i r e d  t o  m a i n t a i n  t h r e e  f u e l  
c e l l s  on l i n e  ( t e m p e r a t u r e  l i m i t e d  to 380° F 
minimum), which r e q u i r e s  abou t  1 2 0 0  watts (based  
on r e f e r e n c e  2 ) .  

c .  At l e a s t  one f u e l  c e l l  must be u s e d ,  r e s u l t i n g  
i n  a minimum s o u r c e  power o f  400  watts i n  o r d e r  
t o  m a i n t a i n  f u e l  c e l l  minimum t e m p e r a t u r e .  

d .  The ECS oxygen r a t e s  are based  on r e f e r e n c e  1: 

1) Metabo l i c  0.229 l b / h r  
2 )  Cabin l eakage  0 .2  l b / h r  
3)  Water t a n k  purge 0.032 l b / h r  
4 )  Waste Management 0.024 l b / h r  

T o t a l  0 .485  l b / h r  

e.  Tab le  1 shows t h e  r e s u l t i n g  H2 and O 2  t i m e  l i m i t s  
Sased  on t h e  above EPS and ECS r e q u i r e m e n t s .  
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3. LiOH C a n i s t e r s :  

Normal c a n i s t e r  rep lacement  i s  one c a n i s t e r  e v e r y  
1 2  h o u r s ,  w i t h  two c a n i s t e r s  used i n  p a r a l l e l .  The r e s u l t i n g  
u s a g e  i s  2 c a n s  p e r  d a y .  Reference 2 i n d i c a t e s  a p o s s i b i l i t y  
of two c a n s  l a s t i n g  f o r  37 hour s ,  which cou ld  e x t e n d  t h e  
usage .  Even w i t h  t h i s  e x t e n s i o n  i t  would be n e c e s s a r y  t o  
l o a d  e x t r a  c a n i s t e r s  b e f o r e  f l i g h t  t o  a p p r e c i a b l y  e x t e n d  
t h e  m i s s i o n .  

It i s  assumed t h a t  1 6  r e p l a c e m e n t  c a n i s t e r s  are  
r e q u i r e d  f o r  t h e  nominal  m i s s i o n .  A t  l e a s t  26  c a n i s t e r s  
are needed i f  t h e  m i s s i o n  i s  expec ted  to be  ex tended  up t o  
two weeks p a s t  T E I .  

4 .  S M  RCS P r o p e l l a n t :  

The a t t i t u d e  c o n t r o l  s y s t e m  must be used  t o  a v o i d  
s e r i o u s  water c o n s t r a i n t s .  If it i s  assumed t h a t  p r o p e l l a n t  
u t i l i z a t i o n  i s  c o n t i n u e d  a t  t h e  nominal  l u n a r  o r b i t  r a t e  
f o r  a t t i t u d e  ho ld  ( 1 . 2  l b s / h r .  from r e f e r e n c e  1) t h i s  i s  
not a l i m i t i n g  c o n s t r a i n t .  About 890  h o u r s  o f  c o n t r o l  a re  
a v a i l a b l e  w i t h  a t t i t u d e  h o l d  o n l y .  

- 
5. Water: 

Under t h e  nominal  power l e v e l  2200  wat t s  i n  l u n a r  
o r b i t ,  w i t h  t h e  ECS r a d i a t o r  s o l a r  a b s o r p t a n c e  degraded  to 
0.356,  F i g u r e  5-3 ( b )  of Reference  (1) i n d i c a t e s  a n e t  
water d e p l e t i o n  r a t e  o f  approx ima te ly  0 . 1  l b s / h r .  With 53 
lbs o f  water r ema in ing  i n  t h e  t a n k s  a t  t h e  t i m e  o f  f a i l u r e  
t o  a c h i e v e  T E I ,  i t  w i l l  t a k e  530 h o u r s  i n  l u n a r  o r b i t  b e f o r e  
t h e  w a t e r  i s  comple t e ly  dep le t ed .  

Under t h e  i n t e r m e d i a t e  power l e v e l  of  1 2 0 0  wat ts ,  
t h e  f u e l  c e l l  water p r o d u c t i o n  r a t e  w i l l  be r educed  by 
0 .79  l b s / h r . ,  b u t  s i m u l t a n e o u s l y  t h e  need f o r  b o i l i n g  
1 . 6 0  l b s / h r .  o f  w a t e r  to supplement t h e  r a d i a t o r  heat re- 
j e c t i o n  w i l l  be e l i m i n a t e d .  Thus, t h e  n e t  r e s u l t  w i l l  be  
a water s u r p l u s  a t  t h e  r a t e  of 0 .72 l b s / h r .  Conce ivab ly ,  
t h i s  s u r p l u s  water can  be used t o  i n i t i a l l y  f i l l  t h e  t a n k s  
t o  t h e i r  92 l b s  c a p a c i t y  o v e r  a p e r i o d  54 h o u r s ,  f o l l o w e d  
by dumping o f  t h e  e x c e s s  water g e n e r a t e d .  

Under t h e  lowesf, power l e v e l  o f  400 wat t s ,  t h e  
a c c u m u l a t i o n  of water s u r p l u s  w i l l  o c c u r  a t  t h e  s l o w e r  r a t e  
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0 .09  l b s / h r .  Thus,  i t  w i l l  t a k e  4 3 4  hour s  to f i l l  t h e  t a n k s  
p r i o r  to t h e  i n i t i a t i o n  o f  water dumping. 

To summarize, there  appears to be no water con- 
s t r a i n t  on s u r v i v a l  d u r a t i o n  i n  l u n a r  o r b i t  u n d e r  r e a s o n a b l y  
e x p e c t e d  power l e v e l s .  The o t h e r  consumables  needed f o r  
s u r v i v a l  w i l l  be deple ted  much e a r l i e r  t h a n  t h e  water. 

F i g u r e  ( 2 )  shows a p l o t  o f  t h e  water q u a n t i t y  as  
a f u n c t i o n  o f  t i m e  and power l e v e l .  

A D D I T I O N A L  RESEARCH 

A more comprehensive s t u d y  o f  s imilar  c i r c u m s t a n -  
ces  was per formed by Tom Bottomley e a r l y  i n  t h e  program 
( r e f e r e n c e  3 ) .  T h i s  r e p o r t  i n d i c a t e s  s u r v i v a l  t imes i n  
l u n a r  o r b i t  o f  t h e  same magnitude es t imated here.  

C O N C L U S I O N  

With no  s p e c i f i c  s u r v i v a l  e x t e n s i o n  p r e p l a n n i n g  
i t  appears t h a t  s u r v i v a l  t i m e  i n  l u n a r  o r b i t  i s  abou t  one 
week a f t e r  T E I  t i m e .  T h i s  could be ex tended  to abou t  two 
weeks w i t h  added p r o v i s i o n s  and subsys tem o p e r a t i o n  p l a n n i n g .  
The f e a s i b i l i t y  of e x t e n d i n g  t h e  s u r v i v a l  t i m e  t o  as much 
as t h r e e  weeks canno t  be confirmed a t  t h i s  t i m e .  

A .  S.  Haron 

ASH 2033-RDR-seP 

At tachments  
Refe rences  
T a b l e  1 
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